Open Access Article. Published on 08 April 2026. Downloaded on 4/8/2026 8:28:41 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

ChemComm

COMMUNICATION

’ '.) Check for updates ‘

Cite this: DOI: 10.1039/d5cc07322g

¥ ROYAL SOCIETY
PP OF CHEMISTRY

View Article Online
View Journal

Asymmetric synthesis of propargylic alcohols
using bifunctional glucose dehydrogenases

Rohit Kumar, Simran Bhatia, Samantha J. Tambrini and Guangde Jiang (= *

Received 24th December 2025,
Accepted 27th March 2026

DOI: 10.1039/d5cc07322g

rsc.li/chemcomm

Herein, two bifunctional glucose dehydrogenases (GDHs) are
reported that can efficiently catalyze the ketone reduction of a-
ketoalkynes while regenerating NADPH for the ketone reduction
process. The GDH-catalysed reaction can accept multiple types of
a-ketoalkynes, including one particularly bulky substrate that typi-
cal alcohol dehydrogenases (ADHs) cannot efficiently work on.
Notably, the developed biocatalytic approach allows gram-scale
synthesis and the access to both (R) and (S) enantiomers of the
products.

The last decade has witnessed a tremendous advancement in
the field of biocatalysis.® Unlike traditional chemical transfor-
mations, the biocatalytic approaches provide mild and green
alternatives for the synthesis of complex molecules with excel-
lent chemo- and regioselectivities. A new trend in recent years is
the exploration of full biocatalytic potential of those well-
studied types of enzymes through using nonnative substrates
or special reaction conditions.” It demonstrates that even those
frequently studied enzymes can still surprise us with unex-
pected chemical transformations. Glucose dehydrogenases
(GDHs) represent one such type of enzyme. It is primarily used
for NAD(P)H regeneration for various biocatalytic reactions.
However, in recent years, GDHs have been reported as a multi-
functional biocatalyst in several chemical transformations®
such as carbonyl (aldehyde and ketone) reduction,* imine
reduction,*®® cyclohexanol dehydrogenation,® and ketosteroid
isomerization.® Although GDH has been utilized as a multi-
functional biocatalyst in a few chemical reactions, the full
potential of GDH as a multifunctional biocatalyst still remains
unexplored.

Propargylic alcohols represent a pivotal class of functiona-
lized alkynes that have broad application in cyclization reac-
tions, click chemistry, and as versatile building blocks for the
synthesis of complex molecules.” Notably, many bioactive
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compounds, including natural products® and marketed
pharmaceuticals,” feature this functional motif. For example,
the bioactive natural products falcarinol,’® panaxydol,’* and
capillinol are all propargylic alcohols. In addition, therapeutic
agents such as ethisterone, mestranol, levonorgestrel® also
contain a propargyl alcohol moiety (Fig. S1).

The chemical synthesis of chiral propargylic alcohols from
readily available propargylic ketones has been reported in only
a limited number of studies,'” with relatively few catalytic
systems available to achieve high levels of enantioselectivity,
highlighting the need for further development in this area. On
the other hand, enzymatic synthesis of chiral propargylic
alcohols offers an attractive alternative for achieving high regio-
and enantioselectivity.

Despite prior efforts™ to utilize enzymes for the synthesis of
chiral propargylic alcohols using propargylic ketones as sub-
strates, these approaches have been constrained either by a
limited substrate scope or by the necessity of multiple enzymes.
To our knowledge, the enzymatic synthesis of chiral propargylic
alcohols facilitated by a single enzyme has not been reported to
date. Herein, we report that two bifunctional GDHs can effi-
ciently synthesize various chiral propargylic alcohols using
propargylic ketones as substrates.

Although previous studies have demonstrated that alcohol
dehydrogenases (ADHs) can reduce alkynones to the corres-
ponding alcohols,"**? most of the reported substrates are
relatively small, and the bulkier substrate containing two aro-
matic rings cannot be efficiently utilized by them. One such
bulky propargylic ketone, 1a, poses a particular challenge for
transformation by ADHs.'? Thus, we tested the substrate with
RasADH from a Ralstonia species'” that have been reported to
work on the reduction of propargylic ketones to alcohols and
found only 18% conversion of the substate could be achieved
while the enantioselectivity is relatively low (82:18 e.r.)
(Table 1, entry 2). Interestingly, when we employed the GDH
from Bacillus subtilis (BsGDH) for the reaction, excellent enan-
tioselectivity (>99:1 e.r.) could be achieved despite the low
conversion yield (Table 1, entry 3).
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Table 1 Evaluation of the reaction parameters?

o Enzyme OH
NADP*
N N
O N D-glucose O N
O 50 mM NaPi buffer pH 7.0 O
1a 30 °C, 24h 2a

Entry Variation from standard conditions 2a yield” (%) e.r.

1 None 56 >99:1
2 RasADH 18 82:18
3 BsGDH 23 >99:1
4 BsGDH_Q252K 33 >99:1
5 OsGDH 67 >99:1
6 Without BsGDH_L95V n.d. —

7 Without NADP" n.d. —

8 Without p-glucose n.d. —

9 50 mM NaPi buffer pH 6.0 19 >99:1
10 50 mM NaPi buffer pH 8.0 33 >99:1

“ (Standard conditions): 1a (5 mM), BsGDH_L95V (1 mol%), NADP"
(1 mM), p-glucose (100 mM), 50 mM NaPi buffer pH 7.0, 30 °C, 24 h,

n.d. = not detected. > NMR yields using 1,1,2,2- tetrachloroethane as
internal standard (Fig. S3).

We further tested two mutants of BsGDH, BsGDH_L95V and
BsGDH_Q252K (Fig. S2), which were reported to be able to
selectively reduce cyclohexanone derivatives to corresponding
alcohols with excellent efficiency.’ The results indicate that
both mutants have excellent enantioselectivities (>99:1 e.r.)
while BsGDH_L95V could provide higher yield (Table 1, entries
1 and 4). Additionally, we found a GDH from Oscillatoria sp.
(OsGDH) can also catalyze this reaction. The tested OsGDH was
more efficient than BsGDH_L95V, affording the product in 67%
yield (determined by NMR) with excellent stereocontrol
(Table 1, entry 5). Various control experiments were performed
to verify GDHs can indeed contribute to the transformation.
When no enzyme was added to the reaction, no product was
detected (Table 1, entry 6). Similarly, no product was observed
when the reaction was carried out in the absence of NADP* and
p-glucose (Table 1, entries 7 and 8). We also found the pH value
of the reaction buffer plays an essential role in influencing
conversion yield, as both lowering and increasing the pH
resulted in decreased product yields, while no impact on
stereoselectivity was observed in either case (Table 1, entries
9 and 10).

With the optimized reaction conditions, we explored the
substrate scope of the developed reaction (Scheme 1) at
0.1 mmol scale and both enzymes (BsGDH_L95V and OsGDH)
were tested for all the substrates. The substrate 1a worked well
under the developed conditions providing the corresponding
alcohol (R)-2a) in moderate isolated yields (44% with
BsGDH_L95V and 57% with OsGDH) with excellent stereocon-
trol (>99:1 e.r.). Terminal keto-alkynes (1b-e) worked very well
under the developed conditions both in terms of yields and
enantiomeric ratios with the two enzymes. The unsubstituted
terminal alkynone (1b) provided the product (2b) in 89% and
92% yields with 99:1 and 96:4 e.r., using BsGDH_L95V and
OsGDH, respectively. Notably, substitutions on terminal keto-
alkynes had minimal impact on the reaction outcome, as both
GDHs provided excellent yields (91-96%) and outstanding
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°(R)-2a, 44%, >99:1 e.r. °(S)-2b, 89%, 1:99 e.r. °(S)-2¢c, 93%, 1:99 e.r. °(S)-2d, 91%, 1:99 e.r.
%(R)-2a, 57%, >99:1 e.r. %(S)-2b, 92%, 4:96 e.r. °(S)-2c, 96%, 1:99 e.r. %(S)-2d, 92%, 1:99 e.r.

O U O

5(S)-2e, 95%, 1:99 e.r. °(R)-2f, 53%, 13:87 e.r. 5(R)-2g, 42%, 11:89 e.r.
°(S)-2e,91%, 6:94 e.r. (S)-2f, 69%, 57:43 e.r. °(S)-2g, 61%, 73:27 e.r.

o o T

5(R)-2h, 58%, 23:77 e.r. °(R)-2i, 54%, 24:74 e.r. b(R)-2j, 77%, 13:87 e.r.
°(S)-2h, 93%, 79:21 e.r. °(S)-2i, 94%, 84:16 e.r. °(S)-2j, 93%, 78:22 e.r.

Scheme 1 Substrate cope of GDH-catalyzed reduction of propargylic
ketones.”? [a] Reaction conditions: 1 (0.1 mmol), GDH (1 mol%), NADP*
(1 mM), p-glucose (100 mM), 50 mM NaPi buffer pH 7.0, 30 °C, 24 h,
isolated yields. b = reaction using BsGDH_L95V, ¢ = reaction using
OsGDH.

enantiomeric ratios (up to >99:1) of the products (2c-e). In
addition to terminal alkynes, internal alkynes (1f-j) were also
tested and were found tolerable for the developed methodology
albeit in lower yields and lower e.r. compared to terminal keto-
alkynes. Overall, OsGDH efficiently reduced the propargylic
ketones and provided the corresponding products in better
yields compared to BsGDH_L95V. Surprisingly, for internal
ketoalkynes, BsGDH_L95V and OsGDH provided the alcohol
products with different stereoselectivity. Internal ketoalkynes
1f-g led to the formation of products 2f-g in moderate yields
with both GDHs. However, the stereochemical outcomes of the
products differed, as BsGDH_L95V provided products with
better enantiomeric ratios compared to OsGDH (2f and 2g).

The OsGDH-catalyzed reduction was significantly influenced
by substituent effects, as the reduction of 1f and 1g provided
the products with distinct enantiomeric ratios. Furthermore,
para substitution on the aryl ring of the substrate contributed
to increased enantioselectivity, as a higher enantiomeric ratio
was obtained with substrate 1f compared to the unsubstituted
substrate 1g. Other types of internal alkynones (1h-j) were also
tested with both the BsGDH mutant and OsGDH. BsGDH_L95V
provided the products (2h-j) in moderate yields whereas excel-
lent yields were obtained when OsGDH was utilized. For the
internal ketoalkynes (1h-j), moderate stereoselectivity was
observed with both BsGDH_L95V and OsGDH.

To demonstrate the efficiency and scalability of the current
biocatalytic methodology, gram-scale reactions were performed
(Scheme 2) using substrate 1b with slightly modified reaction
conditions. Specifically, following our laboratory’s typical pro-
cedures for expressing BsGDH_L95V or OsGDH in Escherichia
coli (E. coli) BL21 cells, the corresponding wet cells containing
either BsGDH_L95V or OsGDH were collected and utilized for
the biocatalytic reduction of substrate 1b. The corresponding
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Scheme 2 Gram-scale synthesis of 2b.1%' @ Standard conditions: 1b (1 g
or 1.3 g), BsGDH_L95V (cell pellets, 38.83 g L™ or OsGDH (cell pellets,
4436 g LY, NADP* (1 mM), p-glucose (100 mM), 50 mM NaPi buffer pH
7.0, 30 °C, 24 h.

product (2b) was obtained in 86% isolated yield for
BsGDH_L95V and 90% isolated yield for OsGDH. Both GDHs
can lead to the product with enantiomeric ratio of 98:2, high-
lighting the scalability and effectiveness of the enzymatic
reaction.

To demonstrate the synthetic utility of the enantioenriched
propargylic alcohols, representative post-synthetic transforma-
tions were investigated (Scheme 3). The chiral alkynyl alcohol
2b was converted into an iodine-containing five-membered
cyclic alcohol™ (4a) through a two-step sequence, proceeding
via an isolable intermediate (3a) obtained in good yield and
high enantiomeric excess, followed by iodine-promoted tan-
dem cyclization without erosion of stereochemical integrity. In
addition, benzoyl protection of the hydroxyl group of 2b furn-
ished ester 4b in high yield while fully preserving
enantioselectivity.'

Collectively, these transformations underscore the robust-
ness of the stereocenter and highlight the potential of these
products as versatile chiral building blocks for further synthetic
elaboration.

To have a better understanding of the reaction mechanism,
we performed deuterium labelling experiment (Scheme 3).
When the reaction was carried out in the presence of deuter-
ated p-glucose, 91% deuterium incorporation was observed at
a-position of the enzymatic product (2b-d;) (Scheme 4 and
Fig. S4).

Post-synthetic transformations® OH | I

Transformation 1 PR Ry OH I
> 25 (¢]
(0]

OH . o 08"
3a, 79% 98:2 e.r. 4a, 92% 98:2 e.r.

X — 1 RN o o}

H
cl 0
2b
S

Transformation 2 H

4b, 89%, 98:2 e.r.

Scheme 3 Post-synthetic transformations.® 1@ Standard conditions: For

transformation 1:2b (2 mmol), Et—-Mg—-Br (2 eq.), THF, 80 °C, 1 h then R1
(1 eq), rt, 4 h. For transformation 2:2b (2 mmol), DMAP (10 mol%),
triethylamine (2 eq.) and R2 (1.2 eq.), rt, 2 h.

This journal is © The Royal Society of Chemistry 2026

View Article Online

Communication

6 BsGDH_L95V OH
NADP* .
X b Xx
H D-glucose-1,2,3,4,5,6,6-d7 i H
50 mM NaPi buffer pH 7.0
30°C, 24h 91%D
1b 2b-d,, 89%

Scheme 4 Deuterium labelling experiment. Reaction conditions: 1b
(0.1 mmol), BsGDH_L95V (1 mol%), NADP* (1 mM), p-glucose 1,2,3,4,5,6,6-
d7 (100 mM), 50 mM NaPi buffer pH 7.0, 30 °C, 24 h.

812 about multi-

Based on these results and previous reports
functional GDHs, we propose a plausible reaction mechanism
(Fig. S5). First, the cofactor NADP" is reduced to NADPH by
GDH. The substrate is then likely stabilized by the amino acid
residues Ser and Tyr within the catalytic pocket. The reaction is
initiated by hydride transfer from NADPH to the carbonyl
carbon of the substrate, followed by the proton transfer from
Tyr to the carbonyl oxygen to generate the corresponding
alcohol. The oxidized cofactor NADP' is subsequently regener-
ated to NADPH by GDH, thereby completing the catalytic cycle.

In summary, we have utilized the dual functionality of GDHs
for the synthesis of various chiral propargylic alcohols. This
dual role of GDHs streamlines the reaction process and
enhances reaction efficiency. Moreover, this methodology
enabled the synthesis of a wide range of chiral propargylic
alcohols, especially terminal substrates, in high yields and
excellent enantiomeric ratios. Remarkably, the bifunctional
GDHs can not only work on those substrates of ADHs but also
go beyond them and work on bulkier substrates. To demon-
strate the practicality and scalability of the developed metho-
dology, a gram-scale synthesis was also carried out using E. coli
cells containing GDHs, affording the product in good yield and
good enantioselectivity, thereby underscoring the method’s
potential for large-scale applications in synthetic chemistry.
Furthermore, the synthetic utility of the enantioenriched pro-
pargylic alcohols was demonstrated through post-synthetic
modifications. A representative substrate underwent a two-
step iodine-promoted cyclization to afford an iodine-
containing five-membered cyclic alcohol with retention of
enantiomeric purity, while benzoyl protection of the hydroxyl
group proceeded smoothly without loss of stereochemical
integrity. In addition, mechanistic experiments were performed
to elucidate the reaction mechanism. Overall, the current
findings further shed light on the biocatalytic versatility of
GDHs. It underlines that GDHs may have a broader capability
for biocatalysis, and they could be further engineered to
improve catalytic efficiency and substrate tolerance to enhance
their utility for chemical transformations. With the advance-
ment of machine learning algorithms and the increasing
accumulation of knowledge in enzyme engineering, this will
likely open up exciting opportunities to further explore and
harness GDHs for various synthetic applications.
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